Melatonin and cortisol are the main hormones of the circadian rhythm, which effect cognitive decline during aging. An imbalance of circadian rhythm hormones serves as an early sign of the progress of age-related disease and brain pathology in aging. The aim of this study was to determine the cortisol-melatonin ratio in relation to brain activity and cognitive function in aging. Sixty-four aging subjects were recruited from the brain healt hy project. The morning salivary of all subjects was collected for cortisol and melatonin levels analysis. The brain activity was recorded for 5 minutes in the eyes open condition and seven cognitive functions were assessed by the MoCA. The results were divided into a low ratio group and a high ratio group of cortisol-melatonin ratio. The low ratio group and the high ratio group differed in the delta-beta ratio at the left temporal lope (p < .05), and the delayed recall in the high ratio group was markedly higher than in the low ratio group. Moreover, the cortisol-melatonin ratio was strongly correlated with delayed recall (p < .05), the delta-beta ratio in the left temporal lope (p < .05), the theta alpha ratio in the left temporal lope (p < .05), and right temporal lope (p < .05). We found that a low cortisol-melatonin ratio corresponded to a high delta-beta ratio and a high thetaalpha ratio at the left temporal lobe with a low score of delayed recall function, but a high cortisol-melatonin ratio corresponded to a low delta-beta ratio and a low theta-alpha ratio at the left temporal lobe with a high score of delayed recall. The imbalance of the circadian hormone related to cognitive function and brain activity in aging could serve as a biomarker of age-related diseases.
BACKGROUND
Melatonin and cortisol are the main hormones of the circadian rhythm, which effect cognitive decline during aging. Melatonin or N-acetyl-5-methoxytryptamine is rhythmically produced by the pineal grand, which is a mechanism controlled by the suprachiasmatic nucleus (SCN) and is inhibited by light and is stimulated by darkness (Claustrat, Brun, & Chazot, 2005) . Melatonin regulates the circadian rhythm, sleep/awake cycles (Cajochen, Kräuchi & Wirz-Justice, 2003) and neuronal connections (Kondratova & Kondratov, 2012) . Cortisol is a glucocorticoid hormone that is regulated by the hippocampus and the hypothalamic-pituitaryadrenal (HPA) axis. Cortisol is initiated by corticotropin-releasing hormone (CRH). CRH is released from hypothalamus, which stimulates the anterior pituitary to produce adrenal corticotropic hormone (ACTH). ACTH activates the adrenal gland, producing cortisol, which is released into the bloodstream. It circu lates throughout the body and exerts metabolic effects. Due to circadian rhythm hormones, cortisol peaks in the morning, declines during the day and is at a minimal level at approximately midnight (Fries, Dettenborn, & Kirschbaum, 2009 ), while melatonin is low during the day and highest at night (Arendt, 2006) .
Many studies have reported a decline in melatonin levels during aging (Ohashi et al., 1997; Zhou, Liu, Heerikhuize, Hofman, & Swaab, 2003) . The neurodegenerative conditions are characterized by low melatonin levels in mild cognitive impairment, Alzheimer's disease and Parkinson's disease than age-matched controls (Ferrari & Magri, 2008; Skene & Swaab, 2003; Tranah et al., 2011; Uchida, Okamoto, Ohara, & Morita, 1996) . In contrast, high cortisol levels are associated with mild cognitive impairment (Kazmierski et al., 2014; Lara et al., 2013; Venero et al., 2013 ) and Alzheimer's disease (Csernansky et al., 2006; Popp et al., 2015) . However, stress can stimulate cortisol secretion (Hellhammer, Wu¨st, & Kudielka, 2009) . Furthermore, the relationship between melatonin and cortisol rhythms improves sleep quality in aging patients with insomnia, schizophrenics, and depression and helps controls blood pressure, metabolism, and mood. (Zisapel, Tarrasch, & Laudon, 2005) . Both hormone profiles in late midlife are associated with age-related changes in cognitive changes (Waller et al., 2016) .
Cognitive assessment tools in aging are the mini-mental state examination (MMSE) and the montreal cognitive assessment (MoCA) (Nasreddine et al., 2005; Trzepacz, Hochstetler, Wang, Walker, & Saykin, 2015) . Both cognitive assessment tools are used to detect Alzheimer's disease and other dementias in people with mild cognitive impairment (Arevalo-Rodriguez, Smailagic, Figuls, et al., 2015) . While, brain activity has been recently used to investigate cognitive performance, perception, emotion regulation, depression, stress and anxiety (Arevalo-Rodriguez, Smailagic, Roqué i Figuls M., et al., 2015; Lewis, Weekes, & Wang, 2007; Meyer et al., 2015) . Aging with mild cognitive impairment and the cerebrovascular damage (CVD) was associated with increased delta power and decreased alpha2 power. Moderate hippocampal atrophy exhibited the highest increase in alpha2 and alpha3 power and the alpha3/alpha2 ratio was best as-sociated with hippocampal atrophy (Moretti, Frisoni, Binetti, & Zanetti, 2010; Moretti, Zanetti, Binetti, & Frisoni, 2012) . Moreover, melatonin enhanced EEG power density in non-REM sleep and reduced beta activity (Dijk et al., 1995) . EEG activity in the low frequency spindle range was significantly enhanced after the evening increase in plasma melatonin compared to the morning phase (Dijk 1999) . High cortisol levels increased the right frontal activity of EEG (Tops et al., 2005) and was significantly associated with midfrontal delta-beta coupling (Schutter & Honk, 2005 ) . The effects of cortisol administration on EEG in two behavioral inhibition groups was significantly correlated with midfrontal delta/beta activity in high behavioral inhibition subjects but not in low behavioral inhibition subjects (M. van Peer, Roelofs, & Spinhoven, 2008 ).
An imbalance of circadian rhythm hormones serves as an early sign of the progress of age-related disease and brain pathology in aging; such as, cardiovascular disease (CVD), diabetes, mental health disorders, cancer, cognitive impairment and dementia. There is evidence that such disease is associated with dysfunction of neuroendocrine mechanisms that disrupt circadian rhythm hormones. However, the relationship between imbalance of circadian rhythm hormones, brain activity and cognitive function in aging remains inconclusive. The re fore, we hypothesized that aging subjects with a low cortisol-melatonin ratio would show lower brain activity and a decline of cognitive functions compared to aging subjects with a high cortisol-melatonin ratio.
MATERIALS AND METHODS
Participants were recruited from the brain healthy project of Mahidol University. All participants weren't epilepsy or migraine and over 50 years old (nineteen males and forty-five females) who provided written informed consent prior to participation. The mean ± standard deviation of age was 69.05 ± 6.43 years in males, 68.31 ± 7.28 years in females, 68.53 ± 6.99 years for all participants. There were no gender differences in age (t (62) = .385, p = .702).
Procedures
All participants rinsed their mouth with water, collected approximately 5 mL of saliva samples within 15 minutes during 8:00 to 10:00 a.m. and stored it at 4°C. Before saliva collection, participants were instructed not to drink or eat for at least 60 minutes. Next, the EEG cap was placed on each participant's head all participants who were record the brain activity for 5 minute with eyes open condition according to the international 10-20 system for EEG placement at Fp1, Fp2, F3, F4, F7, F8, Fz, C3, C4, Cz, T3, T4, T5, T6, P3, P4, Pz, O1, and O2 with a referential montage (Nuwera et al., 1998 ) by a Discovery 24E (BrainMaster). Finally, all participants were test the cognitive function by the montreal cognitive assessment (MoCA). This study design was approved by the medical ethics committee of Mahidol University (MU-IRB 2013/042.1004).
Measurements
All saliva samples of participants were sent to a laboratory at iPath Medlabs Pty Ltd., Australia. The levels of cortisol (nmol/L) and melatonin (pg/mL) were measured by enzyme-linked immunosorbent assay (ELISA) and calculated the cortisol-melatonin ratio that was separated into two groups (low ratio and high ratio) according to the mean.
Brain activity was recorded using a Discovery 24E (BrainMaster) system which a 19-channel EEG (10-20 system (Fp1, F3, C3, P3, O1, F7, T3, T5, Fz, Fp2, F4, C4, P4, O2, F8, T4, T6, Cz, and Pz)) with a referential montage. The recording setup included 24-bit analog-to-digital converters, a 256 Hz sampling rate and DC bandwidth from 0.00 Hz to 80.00 Hz. NeuroGuide software (Applied Neuroscience, Inc., Florida, United States) was used to select a 1-minute artifact-free segment of EEG from the 5 minutes. The artifact-free segment of EEG had a test re-test reliability > 0.90 and a split-half reliability > 0.95. The fast fourier transform absolute power of this artifact-free EEG was computed, and the Z score of FFT absolute power was compared with the NeuroGuide normative database, which contains 625 individuals, 2 months -82.6 years of age. The artifact-free segment of EEG was separated into six areas (frontal area (Fp1, Fp2, F7, F3, Fz, F4, and F8), central area (C3, Cz, and C4), left temporal area (T3 and, T5), parietal area (P3, Pz, and P4), right temporal area (T4 and, T6) and occipital area (O1, and O2)). The Z score of FFT absolute power was delta 0.5-4 Hz, theta 4-8 Hz, alpha 8-12 Hz and beta 12-25 Hz and was calculated the Z-score of FFT absolute power delta-beta ratio and theta-alpha ratio.
The Montreal cognitive assessment (MoCA) was used to determine mind cognitive impairment (MCI), and several cognitive domains were assessed (visuospa tial skills, naming, attention, language, abstraction, delayed recall and orien tation). The test required 10 minutes and was scored out of 30 points.
Statistics
The data were analyzed by the means and normality was tested using the Shapiro-Wilk test. The cortisol-melatonin ratio of morning saliva in aging was separated into two groups according to the mean. (Low ratio and high ratio). The means of the cognitive function and brain activity were compared between low ratio and high ratio with an independent-samples Mann-Whitney U test for nonnormal datasets and independent-samples T-tests for normal datasets at alpha <.05. The correlation of salivary hormone, cognitive function and brain activity were analyzed by the Pearson correlation at alpha <.05. Statistical analyses were performed with PASW Statistics 18.0 (IBM Corporation, New York, United States).
The principle of the Helsinki Declaration was upheld and the project received approval of the local Bioethics Commission.
RESULTS

Cortisol-Melatonin Ratio
The cortisol-melatonin ratio of morning salivary in aging was separated into two groups according to the mean that was 4.06 (Figure 1) . The high ratio was three times higher than low ratio (t (62) = 8.756, p < .05). The high ratio was 24 participants (male = 9 and female = 15) and the low ratio was 40 participants (male = 10 and female = 30). While, number of female in low ratio was higher two times than high ratio.
Montreal cognitive assessment (MoCA)
The MoCA score was measured in the low and high cortisol-melatonin ratio groups (Figure 2 ). Relayed recall score in high ratio group (M = 3.38, SEM = Figure 1 . Low and high cortisol-melatonin ratio groups of morning salivary among aging. Results are express as mean ± SEM for low ratio (n=40) and high ratio (n=24), * p < .05 Figure 2 . MoCA scores of low and high cortisol-melatonin ratio groups among aging. Results are express as mean ± SEM for low ratio (n=40) and high ratio (n=24) 0.31) was observable higher than low ratio (M=2.68, SEM=0.25). Moreover, cortisol-melatonin ratio was correlation with MoCA (Table 1 ). The cortisol-melatonin ratio was strongly correlated with delayed recall (r (62) = .259, p < .05). However, score of visuoconstructional skills, naming, attention, language, abstraction and orientation were no differences in low and high ratio groups. Notably, cortisol and melatonin levels was effective on delayed recall in cognitive function.
QEEG
The Z-score of FFT absolute power delta-beta ratio and theta-alpha ratio in low and high cortisol-melatonin ratio groups at each brain region was compared with the NeuroGuide normative database (Figure 3 ). There were significant differences in the Z-score of FFT absolute delta-beta ratio (U = 372.0, p < .05) and the Z-score of FFT absolute theta-alpha ratio exhibited a large difference but was not significant at the left temporal area. Moreover, cortisol-melatonin ratio was strongly correlated with the Z-score of FFT absolute power (Table 2-3). The cortisol-melatonin ratio showed correlation with the Z-score of FFT absolute power delta-beta ratio at the left temporal lope (r (62) = -.319, p < .05) and the Z-score of FFT absolute power theta-alpha ratio at the left temporal lope (r (62) = -.291, p < .05) and right temporal lope (r (62) = -.252, p < .05). However, the Zscore of FFT absolute power delta-beta ratio and theta-alpha ratio were no differences at the frontal area, the central area, the parietal area, or the occipital area. Notably, cortisol and melatonin levels influenced on brain activity at temporal lope. Figure 3 . Z-score of FFT absolute power in low and high cortisol-melatonin ratio groups at each brain region among aging. (a) Z-score of FFT absolute power delta-beta ratio. (b) Z-score of FFT absolute power theta-alpha ratio. Results are express as mean and error bar represent SEM for low ratio (n=40) and high ratio (n=24), * p < 0.05 Table 2 . Correlations of cortisol-melatonin ratio with the Z-score of the FFT absolute power deltabeta ratio (n=64)
DISCUSSION
This study examined the cortisol-melatonin ratio in relation to brain activity and cognitive function in aging. We hypothesized that aging subjects with a low cortisol-melatonin ratio would show lower brain activity and a decline of cognitive functions compared to aging subjects with a high cortisol-melatonin ratio. Consistent with our expectations, low cortisol-melatonin ratio showed high delta-beta ratio and high theta-alpha ratio of Zscore of the FFT absolute power at temporal lopes with delayed recall decline. This evidence showed that low frequency increased (theta and delta) but high frequency (beta and alpha) decreased, which were correlated with delayed recall of cognitive function and strongly related to circadian hormones.
Theoretically, the human memory performance has been classified into short term/working memory and long term memory (Cowan, 2008; Kompus, Olsson, Larsson, & Nyberg, 2009 ). These memory processes consist of encoding, retention and recall. Recall or retrieval of memory is reflected in the recall processes of longterm memory (Klimesch, 1999) . The long-term retrieval, encoding and retrieval and revealed that memory retrieval processing was associated with the left dorsolateral prefrontal cortex (Manenti, Cotelli, Calabria, Maioli, & Miniussi, 2010) . The hippocampus is associated with encoding and retrieval processes in episodic memory. Recently, EEG studies revealed that alpha frequency increased from early childhood to adulthood and then decreased with age. The alpha frequency is also an indicator of cognitive and memory performance (Klimesch, 1999) . The alpha oscillations during recall memory in the thalamo-cortical feedback loops relay recall processing was correlated with fronto-central regions (Fp1, Fp2, F3 , F7, F8, C3) (Grunwald et al., 1999) . The theta band was investigated in different complex haptic stimuli in eyes close condition for recalling held information in the mind (Amin & Malik, 2003) . The theta, alpha, and gamma Table 3 . Correlations of cortisol-melatonin ratio with the Z-score of the FFT absolute power thetaalpha ratio (n=64) bands were examined in a visuo-spatial long-term episodic memory test during encoding and recall stages. Their results showed that theta and alpha did not change at the frontal area, but the gamma was altered over the left parietal cortex with encoding conditions and retrieval processes with the right parietal cortex (Babiloni et al., 2004) . The delta band at the left hemisphere was correlated with word list recall, word list recognition and praxis recall of the Mini-Mental State Examination (Fonseca, Tedrus, Prandi, Almeida, & Furlanetto, 2011) . Moreover, Functional MRI (fMRI) has been used to examine verbal working memory and revealed that the left and right hippocampus were more activated during encoding than maintenance. Moreover, retrieval was activated more than maintenance in both the hippocampus and the right dorsolateral prefrontal cortex (Karlsgodt, Shirinyan, Erp, Cohen, & Cannona, 2005) . This study supports previous studies that low frequency increased (theta and delta) but high frequency (beta and alpha) decreased related to delayed recall of cognitive function in aging.
Level of circadian hormones in the morning, cortisol levels increased while melatonin levels decreased and both circadian hormones affected brain activity. Melatonin reduced beta activity. The plasma melatonin increased in evening that enhanced low frequency spindle range of EEG activity, whereas high cortisol levels increased the right frontal activity of EEG and was significantly associated with midfrontal delta-beta coupling. Chronic high cortisol caused functional atrophy of the HPA axis, the hippocampus, the amygdala and the frontal lobe in the brain (McEwen, Nasca, & Gray, 2016) . The hippocampus was the brain region related to dementia, including mind cognitive impairment (MCI) and Alzheimer's disease. Basal cortisol elevation caused damage to the hippocampus, leading to hippocampal atrophy and impairing hippocampus-dependent learning and memory (Popp et al., 2015) . Moreover, an increased resting state EEG delta/beta ratio is associated with anxiety (Knyazev, 2011) , uncertainty (Knyazev, Savostyanov, & Levin, 2005) , and attention bias toward threat (Putman, 2011) . Thus, cortisol increased brain activity, but melatonin decreased brain activity. The circadian levels of melatonin and cortisol were related to neurocognitive performance (Premkumar, Sable, Dhanwal, & Dewan, 2013) . This finding supports previous studies that imbalance of the circadian hormone related to cognitive function and brain activity in aging. Importantly, this study showed cortisol-melatonin ratio correlated decoupling of subcortical (delta band) and cortical (beta band) activity.
However, there are some limitations that must be considered in the context. First, we examined a small sample of subjects, both genders and an older age range. Second, cortisol and melatonin are circadian hormones that should be more frequently sampled. Third, this study did not examine stress or depression symptoms and other age-related diseases. Finally, the sex hormone level data, such as testosterone, estrogen and progesterone were not included in the results, which may provide more insight into the effects of hormone levels on brain activity and cognitive functions. Our results might be interpreted according to microgenetic theory of brain function (Pachalska, Góral-Pólrola, Mueller & Kropotov 2017) .
CONCLUSIONS
These results showed that recall memory function can be investigated by EEG recordings at the temporal lobe based on the FFT absolute power delta-beta ratio and the theta-alpha ratio. Interestingly, the index of the FFT absolute power delta-beta ratio and the theta-alpha ratio was correlated with imbalance of the cortisolmelatonin ratio. This may be useful for predicting cognitive function and endocrine function in aging. The dysfunction of the circadian hormone related to cognitive function and brain activity in aging subjects could serve as a biomarker of age-related diseases. Conversely, the FFT absolute power delta-beta ratio and the theta-alpha ratio may be new indices that could be used to predict subtle cognitive changes and imbalance of the cortisol/melatonin ratio. These finding have significant implication on aging intervention. Future research with larger populations of both genders, more age groups and considering more cognitive functions are needed to clarify the underlying mechanisms.
